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Outline

» The LHCb detector and pPb data taking
» Physics motivation

» | /1 production and nuclear effects in pPb at 5 TeV
[ JHEP 02 (2013) 072 ]

» Y (nS) production and nuclear effects in pPb at 5 TeV

[ arXiv:1405.5152 ]

» Summary and prospects



LHCb detector JINST 3 (2008) S08005

Pseudorapidity acceptance

Dedicated to beauty and charm physics 2<n<5
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can also contribute to heavy-ion physics ...



Candidates/( 25 MeV/c?

LHCb in a nutshell

Impact parameter: orp = 20 um

Proper time: o, = 45 fsfor B - J/Y¢ or DI~

Momentum: Ap/p =0.4 ~ 0.6% (5-100 GeV/c)

Mass : o, = 8 MeV/c? for B - J /WX (constrainted my /y)
RICH K — m separation:  e¢(K - K) ~ 95% mis-ID e(mr - K) ~ 5%

Muon ID: e(u—->u) ~97% mis-IDe(mr »> u) ~1—-3%
ECAL: AE/E =1 ® 10%/./E(GeV)
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Beam configuration

‘IForward W

» Asymmetric beam energy
v E, =4TeV
v Ey = 1.58 TeV for lead beam
v' /Syn =5TeV
v’ rapidity shift Ay = +0.465
» Rapidity coverage
(in NN c.m.s. frame)
v Forward direction (pPb)
15 <y < 4.0
v' Backward direction (Pbp)
—-50<y<-=25
» Common coverage
v 25<|y| <4.0




2013 pPb data taking

LHCb Integrated Luminosity at p-Pb 4 TeV in 2013

B : Integraled LHCh Efficiency breakdown 7 7 : |
‘,‘_:"' 3000 - [ FuLLy on: 8147 () L] Delivered Lumi: 2137.72 lub —_—
ST | wsew | v \VSNN = 5TeV
g - E VELO Safety: 285 (%) & Recorded Lumi: 1949.02 /ub
c DAG: 3.54 (%) 1 : . . .
e S U v' Low instantaneous luminosity
3 I | o
‘%2000: (~ 5 X 1027 cim 2S 1)
_1500 :— T v Low pile-up
1000 — - — - ,r’_:-f:. ﬂ v Four co nfigu rations:
SN B N
o0 _'f,g?-.‘_ N ] pPb (Pbp), Magnet Up(Down)
E L BUL |
R - B S
LHC Fill Number

Integrated luminosity after data quality:
Forward (pPb) :1.1nb™?!
Backward (Pbp): 0.5 nb~?!



Event display and track multiplicity

4 Ap MagDown
LHQb, — Ap MagUp
Preliminary 4 pA MagDown

— pA MagUp

5.2.2013 5:30:36 L1 Ll ] l|i|||||||||l|‘|||||||||
Run 136734 Event 3832870 bld 1424 ey 200 250 300 350 400

track multiplicity

v' Magnetic Up/Down agree for both pPb and Pbp
v Higher multiplicities in Pbp as expected



Physics motivation

» pA collisions are important to study cold nuclear
matter effects

» Cold nuclear matter effects are of great interest
by themselves, in addition to QGP studies

» Insight to unexplored region P
of QCD phenomena 1o

p+Pb @ LHC (7 TeV+2.75 TeV)

Present nuclear DIS Z¥
and Drell-Yan in p+A &

d+Au @ RHIC

» Constrain nuclear Parton Density
Function at low x over wide Q*

Q?(GeV?)
Q

Present _

» LHCb can play an important role _

» Unique rapidity coverage bl 3

with full particle identification
http://cds.cern.ch/journal/CERNBulletin/2013/08/News%20Articles/15145607In=en




Heavy quarkonia suppression in pA

» Important probes of QGP, and also
» Sensitive to cold nuclear matter effects
v’ Strongly suppressed in pA collisions at large rapidity
» Cold nuclear matter effects characterized by
_JHEP 03 (2013) 122

Nuclear modification factor: gy
1 Tay WWSNN 2 T ORI TR 7
dy YSNN) e N
06l Q= 0.075 GeV/m N < \
Forward-backward production ratio: - — JyE loss { i
04| --- JAyE. loss + saturation N\
O-pA(+|y|r\/ SNN) ==Y E loss \ ]
RFB (y’ V SNN) — _ 0.2 e Y E. loss + saturation ‘_,
GpA( |y|’VSNN)  LHCYs= 5 TeV
5 25 o 25 s

y



J /Y production and cold nuclear matter
effects in pPb collisions at \/syy = 5 TeV

[ JHEP 02 (2014) 072 ]



Analysis strategy

» Reconstructed using J /Y — u*u~ decay channel

» Measurement performed in bins of py and y
d?g _ NC°'(J/¢p—p*p”) in bin of (pr1,y)
dprdy LxBr(J/Y-u*Tu")XAprxAy
» Three sources of |/ /1 at hadron colliders

 Direct /Y :|> Prompt ] /i

e Feed-down from heavier cc states
 From b-hadron decays —> J/i fromb

» Prompt J/ /1 and ] /1 from b separated by

. My
pseudo proper timet, = d, X ]//f/j

Pz

Note:
Cold nuclear matter effects on / /1 from b
reflect those on b hadrons!
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J /Y signal extraction JHEP 02 (2014) 072

> Yields of prompt J /Y and J /Y from b extracted in each (pt, y) bin
from simultaneous fit to mass and pseudo proper time t,

oo Cas<y<sn 1 Robw gk 40<y<ss
* Mass distribution 1O thew S R A
pPb(Fwd) ys_ =5 TeV pPb(Bwd) |s , =5 TeV
I _ o 1400 Forward] e . Backwar
Signal by Crystal Ball function g 1200 7
. 761000 = 400
= so0 =
v" Background by exponential g 2
S‘, 600 § 200

200 ; 100 J; I"-._
0 1 ]! -~ 1 \. [l 1 o L L-"'" 1 \& ] 1
° tz d is t ri b u t i o n 3000 3050 3100 3:“5; [Me\?;z:% 3000 3050 3100 3:1?; [Me\?f:%
v Prompt signal STy 0
0 o
. =3 (c) 25=<y=<3.0 o (d) -40<y<-35
Jd-function ® fres ;10‘ LHCD - p, <14 GeVic gw‘ Lch . p, <14 GeVic
—_— pPb(Fwd) |s, =5TeV — pPb(Bwd) ys, =5TeV :
v' non-prompt signal % 10 g | Backwaro
exponential & f . 3 10 3w
[} 3]
Qo (&)

10

-
o

v" background .
empirical functions from sidebands e’ §

-10 -5

Prompt J/Y 25,280 + 240 8,830 + 160
J/W from b 3,720 £+ 80 890 + 40

1 " | 1] |I:' (e
il AR
i S

-10 -5

12



Total J /1 cross-sections in pPb

JHEP 02 (2014) 072

op(prompt J/Y,+15 <y < +4.0) =1,168+ 15+ 54 pub
og(prompt J/Y,—5.0 <y < —-2.5)=1,293+ 42+ 75ub
op(J/Y fromb ,+15<y < +4.0) =166.0+ 4.1+ 8.2ub

og(J/Y fromb ,—5.0<y < —25)=1182+68+11.7 ub
(pr <14 GeV/c)

Source Forward (%) Backward (%)
Correlated between bins
Systematics dominated by Mt 23 34
Radiative tail 1.0 1.0
v mass flt m0d€| Muon identification 1.3 1.3
v |U minosit Tracking efficiency 1.5 1.5
Yy Luminosity 1.9 2.1
v’ data-MC disagreement BUM = p ) L0 1.0
Uncorrelated between bins
Binning 0.1 -8.7 0.1-6.1
Multiplicity weight 0.1 3.0 0.2 4.3
t. fit (only for J) from b) 0.2 12 0.2 13
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Single differential J /1 cross-sections

JHEP 02 (2014) 072

quE(a') ' " ePromptoy ] qu (b) ' " a-Promptdy 3 ¢
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Double differential J /1 cross-sections

JHEP 02 (2014) 072

» Statistics in forward sample (pPb) allow
measurements of double differential cross-section

— K ' ' ' I ' ' ' ' I ' ' ' — ' ' ' ' I ' ' ' ' I ! ' '
g i (?_LCb + 1.5<y<2.0 g 102 tI).I)-ICb +1.5<y<20 -
(“_r‘; pPb(Fwd) ys,, = 5 TeV +2.0<y<25 g pPb(Fwd) {5, =5 TeV 4 2.0<y<25 ]
S’ el
el 2.5<y<3.0 & , 2.5<y<3.0 -
ERT Naa=2 = S 4 3.0<y<3.5 = o 5 +3.0<y<3.5 —
%‘ = — + %\. = |—-:—|'_ ! ‘ . + E
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Reference cross-sections in pp at+/s = 5 TeV

LHCb-CONF-2013-013

» Input to the determination of the nuclear modification factor R,py,
» Interpolated from measurements at 2.76 TeV, 7 TeV and 8 TeV

» Three different fit functions used to interpolate
— adopted as nominal

(Vs/po)P?
Po + P1Vs

19()(:1 — 63171VE§)
» Discrepancy between the three interpolated values taken as systematics
» Checked against functions from LO-CEM and FONLL

LHCDb

Prompt J /Y

c(J/y)[ub] (2.5<y<4.0)

linear ]
power law
exponential;

8 9
s [TeV]

o(J/y)[ub] (2.5<y<4.0)

=2
S O o~

= o
> N

e
D o~ by

= 2
L

LHCDb

£ J /Y from b

------- linear 1
power law
............... exponential]

“6H”7” 8 9

Vs [TeV] 16



Nuclear modification factor R,p}, for J /4
JHEP 02 (2014) 072

» Strong dependence on rapidity

» | /1y form b less suppressed in forward than prompt J /Y
= b hadrons less affected by cold nuclear matter effects

» Agreement with theoretical predictions

» Precision insufficient to distinguish different models

e k(a) LhCR____  —#—LHCb,PromptJiy : o F(b) LHCb 4 LHCb, Uy fromb 3
1'4-“‘ PP Yo = 5 ToV p, < 14 GeVic E TAE T PP S =S TeY p, < 14 GeVic E
12050 = 1.2F 3

1 S - 1 »—*—« ]
osf e E 0.8f 2. oo =
0.6 ;_ EPS09 LO _; 0.6 ;_ _;
0.4F EPS09 NLO ] 0.4F -

- nDSg LO 3 - ]
0.2 —— E.loss - 0.2F EPS09 LO -
- Elssersano prompt /i f —-rosq0 /[ fron B
R -2 0 2 4 R -2 0 2 4
Phys. Rev. C88 (2013) 04;901 !
S. Rev. EPS09 LO
EPS09LO Y arXiv:1402.1747
EPS09 NLO Int.J. Mod. Phys. E22 (2013) 1330007 — nDSg LO
nDSg LO Phys. Rev. C88 (2013) 047901
—— E. loss JHEP 03 (2013) 122

——me- E. loss + EPS09 NLO JHEP 03 (2013) 122



Forward-backward production ratio Rgg

JHEP 02 (2014) 072

» Independent of pp cross-sections
» Part of experimental and theoretical uncertainties cancel
» Clear difference between prompt J /Y and J /Y from b

0.6 EPS09 NLO )
nDSg LO -
E. loss T
04 ___ E. loss + EPS09 NLO | ]
.............. \

0 1 2 3 4 5
ly|
E 1-6_ T T T T T T T T T T T T La—
o T LHCb —$— LHCb, Prompt J/y ]
— pPb s, =5 TeV —#— LHCb, J/iy fromb ]

. E_prompt]/l/) p, <14 GeVic ‘:

— 7T T T
X LHCb ]
C (a) PPb Y50y = 5 TeV —#— LHCb, Prompt J/y ]

EPS09LO

=" Prompt J/y -
C EPS09 NLO 3
0.2 E. loss -
- == E. loss + EPS09 NLO 1

0 5

10
P, [GeV/c]

— E. loss
————— E. loss + EPS09 NLO

ol4——————7 T T T T T T T T
= [ (p) LHCb romb 1
T F
. rom ' 3
13:]/¢ + -
0.8F ++ -
0.6F 3
o e TN
0 1 2 3 4 5
lyl
EPS09 LO
nDSg LO arXiv:1402.1747
EPS09 LO Phys. Rev. C88 (2013) 047901

EPS09 NLO Int.J. Mod. Phys. E22 (2013) 1330007

nDSg LO Phys. Rev. C88 (2013) 047901

JHEP 03 (2013) 122
JHEP 03 (2013) 122
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Comparison with ALICE

p-Pb \,’sNN= 5.02 TeV, inclusive Jiy—p*y

] o=

e ALICE: 0<pT<15 GeV/c, (arXiv:1308.6726)
o LHCb: 0<pT<14 GeVle, (arXiv:1308.6729)

&

4 3 =2 41 0 1 2 3

y

p-Pb ysy,= 5.02 TeV, inclusive Jiy—u*u’

e ALICE

st

T

e ALICE: 2.96<| ycms|<3.53, (arXiv:1308.6726)

o LHCb: 2.5<|ynm§|<4, {arXiv:1308.6729)
PR T T T T T T T T O N T S AN S S N

0 2 4 6 8 10 12 14

pr [GeV/c]

o]
A
QU

Rpp

02k

1.2}

0.8

0.2

LHCb-CONF-2013-013

061

0.41

p-Pb \,’sNN= 5.02 TeV, inclusive Jiy—p*y

T

O<p <15 GeVlc, (arXiv:1308.6726)

e ALICE:

o LHCb: 0<pT<14 GeVle, (arXiv:1308.6729)

4 -3 2 -1 0 1 2 3

06}

0.4F
[ e ALICE: 2.96<|ym5 |<3.53, 0<p_|_<15 GeVle, (arXiv:1308.6726)

p-Pb ysy,= 5.02 TeV, inclusive Jiy—p

I o LHCb: 25<|y_|<4,0<p <14 GeVic, (arXiv:1308.6729)

2 26

2.8 3 32 34 38 38 4

y

» Measurements agree with each other

® ALICE
o LHCb
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Y production and cold nuclear matter effects

in pPb collisions at \/syy = 5 TeV
[ arXiv:1405.5152 |



Y (nS) signal extraction

arXiv:1405.5152

> Reconstructed using Y(nS) — u*u~ decay channel
» Signal modelled by three Crystal Ball functions
» Background modelled by exponential

NU : v 1 ! ! ' ' I ' ' ' ! I v (13 ! ' 1 ! ! v v I ! ' v ! I '
% 1201~ * Igybcfsw =5 TeV ] % 90 I;;Fl’—le?sNN =5 TeV
= \ = 80
< 100F E S 70M
S I 1.5<y<4.0 ) ° . 50<y<-25
L sor- p, <15 GeVic — 2 60 _ p, <15 GeV/c
0 - 0 50 .
é o | Forward | % 0 + + Backward
c‘% 40f 3 g 30 + +
o ] O 20 +
20p .-"=. g 10 ; ;
. | — Y J+|A or ] e :‘-, . | + M| .“‘
0 “5000 10000 11000 9000 10000 11000
m(u*pu~)[MeV/c?] m(u*u~)[MeV/c?]
Signal yield Forward (pPb) Backward (Pbp)
Y(1S) 189 + 16 72 + 14
Y(25) 41+ 9 17 +£ 10
Y(3S) 13+ 7 4+ 8 -



Y(nS) cross-section in pPb

arXiv:1405.5152

» Total cross-section with pt < 15 GeV/c measured
» Systematic uncertainty dominated by
mass fit model, data-MC discrepancy, and trigger efficiency

o(T(1S5),—5.0 <y < —2.5) x B(1S) =295+ 56 £ 29 nb
F(T(25),—5.0 < y < —2.5) x B(2S) = 81+ 39+ 18 nb
o(T(35), =5.0 <y < —25) x B(3S) = 5+ 26+ 5 nb
o(T(1S), 15<y< 4.0)x B(1S) =380+ 35+ 21 nb
o(T(25), 15<y< 40)xB(2S)= 75+ 194+ 5 nb
o(T(3S), 15<y< 40)xB(3S)= 27+ 164+ 4 nb
> Production ratios R™/15 = o(Y(n5))xBr(Y(n$) =" k™) measured
a(Y(lS))x‘Br(Y(lS)—m Uwo) (n=23)

R*M5(—5.0 <y < —2.5) = 0.28 £0.14 £+ 0.05

= 0.02 £ 0.09 = 0.02| limited by statistics

0.20 £ 0.05 4 0.01 stjls(pp) ~ 0.24
3S5/1S _
0.07 £ 0.04 + 0.01 R=>/72(pp) ~ 0.12

(

( 2.5)
R¥IS( 15 <y< 40)

(15<y< 4.0)

consistent with pp results but
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Nuclear modification factor for Y(15)

arXiv:1405.5152

» Reference pp cross-section interpolated as done for J /i
» Forward region: suppression smaller than prompt J /1,

and compatible with b hadrons

» Backward region: indication of antishadowing effect
» Consistent with different theoretical models with large uncertainty
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Theoretical predictions:

EPS09 LO : EPIC 73 (2011) 2427

EPS0O9 NLO: IJMP E22 (2013)
1330007

E. loss : JHEP 03 (2013) 122



Forward-backward production ratio Rgg 1405 515

» Independent of pp cross-sections
» Part of experimental and theoretical uncertainties cancel
» Agreement with different theoretical models,

but statistical uncertainty large
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1 Theoretical predictions:
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Summary and prospects

» Study of pA collisions is important for probing some unexplored
QCD physics, and provides inputs for QGP studies

> LHCb has recorded about 1.8 nb~! pPb data in a unique
kinematic range with full particle identification

» Production cross-sections measured for prompt J /1, ]/ from
b, and Y (nS)

» Nuclear modification factor R,py, and forward-backward

production ratio Rgg determined for prompt J /1, /] /1 from b,
and Y(15)

» Measurements agree with theoretical models, but power to
distinguish different models is limited by statistics

» Further analyses under way, Y(25), ridge effect, etc
» Looking forward to 10-times more integrated luminosity in Run |

Thank you!



Backup slides



Efficiency for J /4

> Efficienties €.t = €gcc X €rec X €rrig (~ 45%)

v’ €,.c: geometric acceptance
estimated from simulation with unpolarized J /4

v’ €. including reconstruction and selection
estimated from simulation

v’ €4rig: trigger efficiency
obtained from the minimum-bias sample collected in the
data



